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ThcN arrow Angle Camera (NAC) is one of two cameras in thclmaging Science Subsystm
(ISS)on thcCassini Spacecraft (S/C), tl]csezoI~cl call~cra  isa Voyagcr-it~hcritul Wi(lc Angle
Camera (WAC). Cassini iscurrcntly planned to bclamched  in October 1997 and will arrive
at Saturn for a four year tour in June 2004. ‘1’hc Narrow Angle optics arc a Ritchcy Chrcticn
Iypc Optics, has a focal length of 2000 mm, a relative apcrlurc of f/ 10.5, a spectral range of 200
to 1100 nm, 24 filters, a pixel field of view of 6.0 n~icmradian/pixel, and has a field of view
of 3,5 x 3.5 degrees. ‘l”he scmsor is a Charged Couple l)cvicc (CCIJ), 1024 x 1024 pixels with
a pixel size of 12 x 12 um, a full WCI1 greater than 50,000 e-, on chip processing of up 10
800,000 c- pixel sun]mation, a dark current of less than O. 1 e-/pixcl/sez at operating
tmpcraturc, and a charge transfer efficiency of 0.99999 at operating tcmpcrat ure..

‘1’hc NAC, along with the WAC and se,vcral other Remote Sensing lnstrumcnts, is located oJ~
the Rcnmtc Sensing l’allct (1<S1’) which is hard nmntell to the S/C. ‘1’hc Allowable 1 ‘Jight
‘J’mpcraturc (A}~’1’) limits for the NAC arc -2(Y’C to -i 3(YC non-opc.rating  and - 10“C to +25’T
opmating. Under operating conditiom, the NAC Optics has a 2*C gradient re~]uiremcnt bctwe<n
the l’rimary and Secondary h4irrors  and along the ]nvar metering rods. ];or e-d mirror, the
maximum gradient allowed under operating conditions is 1 ‘C racliall y. ‘1’hc K]) AI;T limits
arc - 12(PC to -i SOT non-operating and -93°C to -87°C operating. ‘1’hc RSP temperature
quircmcnts at the NAC/RS1’ intcrfacc. arc the same as the NAC Alrl’ limits.

The, NAC is thermally co11plc41 to the. RSI’ both mdiativcly and conductivcly. “1’hc apcrlurc has
no cover or close-out lens thus allowing both mirrors and the optics barrel to radiate direztly to
space. ‘1’hc CCD is cooleLi passively with a COICI finger anti radiator system. With the exception
of the radiator and apmlurc,  the camera and local 1{S1’ intcrfacc is b]ankete~ with Multi-] ~ycr
insulation (hfll J). One thermal and 10 ~eomctric math Jnodcls thermally characterize the NAC.
The ] O gumctric  math modc]s rcpre.se.nt various regions of the camera and surrcmnding
cnvironmemt  and provide all of the radiation conductors for the thermal math model. ‘J’hc
thermal math model consists of 22.8 nodes and includes the entire NAC (hood, primary an(i
sec.on(tary mirrors, metering rods, optics barrel, fi Iter whet], shut tcr, sensor head elect mnics,
CCD, coldfinger, radiator, Ml J, RS1’ interface, ancl external surroundings).

IIUC to S/C and 1SS power constraints, only 7.5W peak power is available for electrical hcatex
power to maintain A}W operating limits and graclicnt re.quircmcnts. Six of the ‘7.5W must be
power shared with the filter whed. The U:]) uses a 1.5W proportional control heater 10



maintain the -90’C k 3°C operating temperature limit. The remaining 6W, which is power
shared with ‘the filter wheel, is used at the primary and secondary mirrors to maintain both AFT
operating limits as well as to maintain the 2°C gradient requirement. Under worst-case filter
movement opcrat ing scenarios, the average power available for the optics heaters is 5. 6W.
Under hot conditions, in a worst-case thermal analysis, all 5.6W of average heater power is
required at the secondary mirror to meet the X gradient requirement. lJnder cold conditions,
in a worst-case thermal analysis, 3.3W of average heater power is required at the secondary
mirror to nm.t the 2°C gradient requirement and 2.7W is required at the primary mirror to
maintain the - 10*C lower Al~’1’ operating limit. In order to tmxt all of the operating temperature
rquircmcnts under both cold and hot openting conditions, to stay withitl the power constraints,
and to insure satisfactory optics pcrformancc,  the optics heaters utilize a closed loop control
algorithm that includes pu]sc-width nmlulation.

‘J’hc worst-case analysis has been complckd. In January 1994, a thermal development test of
the NAC will be performed. ‘J’hc models used for the worst-case analysis will be updatml and
correlated with the test results, IIased upon the test results and correlated models, the final NAC
thermal design will bc defined. ‘J’hc paper to bc presented will discuss the worst-case, analysis
in far more detail, the closed-loop control algorithm, and the test results. ‘l’he pa])cr will also
discuss potential ways to resolve thermal problems that may arise during the test.


